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Characteristic Doppler echocardiographic abnormalities
were noted in five patients with a failing tissue prosthesis
shown to have severe regurgitation and no evidence of
obstruction. The audio signal was musical in quality and
the regurgitant flow pattern was bidirectional and striated,
There were 4 to 6 striations in the mitral and 18 in the
aortic regurgitant jets per 100 cm/s length of signal.
Pulsed Doppler ultrasound localized the jet to the valve
in all cases although angiography failed to localize it in
one of four cases.
Doppler echocardiography is a useful method of assessing
prosthetic valve function (1-5) . When prosthetic mitral re-
gurgitation occurs , there is usually an abnormal systolic jet
in a direction away from a Doppler transducer placed in the
apical position. Pulsed Doppler ultrasound can then be used
to try to localize the jet and some (5), but not all (6) in-
vestigators have been successful in distinguishing a para-
prosthetic leak from regurgitation through the valve. With
prosthetic aortic regurgitation, there is an abnormal diastolic
jet directed toward a Doppler transducer in the apical po-
sition.
We describe the association of a tear in one cusp of
failing, nonstenotic tissue valves with a characteristic stria-
tion of the Doppler signal recorded from the regurgitant jet .
Methods
Study patients. All patients with suspected prosthetic
dysfunction seen in this unit were referred initially for a full
echocardiographic assessment. Of 152 prostheses assessed
from July I , 1985 to June 31 , 1986, 5 had the same char-
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At surgery each valve had a tear in or partial dis-
integration of one cusp whereas the other two cusps were
intact, mobile and of normal thickness. The Doppler
appearance is thought to be caused by fluttering of the
disrupted cusp leading to the shedding of families of
vortices in both a retrograde and an orthograde direc-
tion. It is suggested that this is likely to be a useful sign
for the diagnosis of cusp tears.
(J Am Coil Cardiol 1987;10:462-6)
acteri stic Doppler abnormality. Four were in the mitral and
one was in the aortic position. All required repeat valve
replacement.
Ultrasound examinations. The studies were carried out
with a 2.0 MHz continuous wave and 2.5 MHz duplex
transducers . Two-dimensional echocardiography was used
to search for abnormal rocking of the stents, enlargement
of the cusp echo beyond 3 x 5 mm (7), cusp prolapse or
a flail or partially flail cusp . A cusp was considered flail if
it moved through an arc of 180° or more and partially flail
if it moved between 90 and 180°. Using continuous wave
Doppler ultrasound, the left ventricular inflow envelope was
obtained from the apical position and regurgitation con-
firmed by the presence of a closely adjacent systolic jet.
Using pulsed Doppler ultrasound and simultaneous imaging,
the jet was mapped at all levels in the left atrium or left
ventricle using both apical four- and two-chamber ap-
proaches.
Angiocardiography. When this was performed , the
conventional Seldinger technique was used by way of the
right femoral artery and vein. Severity of valvular regur -
gitation was graded on a four point scale, but in each case
it was grade 3 (moderately severe regurg itation with dense
opac ification of the whole left atrium or most of the left
ventricle on the first cardiac cycle) .
Surgery. Surgery for valve replacement was performed
within 48 hours of the Doppler study. Careful note was
taken of the presence of tears involving the free margin of
0735-1097/87/$3 .50
lACC Vol. 10. No.2
August 1987:462-6
CHAMBERS ET AL.
DOPPLER APPEARANCE IN PROSTHETIC VALVECUSP TEARS
463
Table 1. Clinical Data in Five Cases
Case Age (yr) at Valve Months to
No. Valve Type Implantation & Sex Doppler Surgical Findings Outcome
Hancock (mitral) 61F 117 0.5 ern tear of one Perioperative
cusp from its death
commissure
2 Carpentier-Edwards 62F 54 Perforation of one Bjork-Shiley
(mitral) cusp replacement
3 Hancock (mitral) 22F 105 Partial disintegration Bjork-Shiley
of one cusp replacement
4 CTI bovine 50M 84 One cusp torn from Starr-Edwards
pericardial both commissures replacement
(mitral)
5 Homograft (aortic) 39F 126 Partial disintegration Bjork-Shiley
of one cusp replacement
F = female; M = male.
the cusp, detachment of the cusp from its stent and perfo-
ration of the cusp. A detailed search for evidence of partial
dehiscence of the valve ring was made.
Results
Clinical features. Five patients were studied and their
history is summarized in Table I. There were two Hancock
mitral prostheses, a Carpentier-Edwards (model 6625) and
a C'l'I bovine pericardial mitral prosthesis (supplied by the
National Heart Hospital). The fifth prosthesis was an aortic
homograft. The patients were aged 22 to 62 years (mean
46.8) at implantation, which was performed because of mi-
tral stenosis (Cases I and 2), rheumatic mitral regurgitation
(Case 4), regurgitation secondary to a floppy mitral valve
(Case 3) and rheumatic aortic regurgitation (Case 5). All
patients presented with rapid onset orthopnea and exertional
dyspnea at 54 to 126 months (mean 97.2) after surgery. On
examination, patients I to 4 each had a loud pansystolic
murmur and a third heart sound. There was accentuation of
the pulmonary component of the second sound in Cases I
and 4. In Cases I, 2 and 4, the murmur had prominent high
frequency components and was accompanied by a thrill. In
Case 5 there was a loud immediate diastolic murmur that
was screeching in quality.
Echocardiography. In all four cases of prosthetic mitral
regurgitation, the left atrium was mildly enlarged (Table 2),
consistent with a relatively recent onset or worsening of
mitral regurgitation. In no case was there rocking of the
prosthesis or enlargement of the cusp echo. In Case I, there
was no evidence of abnormal cusp motion, but in Cases 3
and 5, one cusp was flail and in Cases 2 and 4, one cusp
was partially flail. In Case 5, the flail cusp of the aortic
homograft prosthesis was seen to oscillate at a high fre-
quency during diastole.
Doppler examination. All five valves gave a Doppler
audio shift signal with a harsh musical quality heard during
systole in Cases I to 4 and predominantly during diastole
although to a markedly lesser extent in systole in Case 5.
The Doppler waveform had coarse striations (Fig. I and
2A). On the continuous wave signal, the upper striations
were curved to the same shape as the apex of the waveform
and the lower striations gradually flattened until they were
parallel with the baseline. For the mitral prostheses, there
were 4 to 6 striations and for the aortic prosthesis 18 stria-
tions to every 100 crn/s length of signal. In pulsed Doppler
Table 2. Echocardiographic, Doppler and Catheter Data in Five Cases
Doppler Data
Case
Echo Dimensions (ern)
Vmax Ph
Catheter Pressure (mm Hg)
No. LA LVSD LVDD (rn/s) (ms) PCW Mean PCW v
1 4.1 4.0 5.0 2.1 75
2 4.8 3.0 5.0 1.8 80
3 4.5 3.3 4.9 2.8 50 22 44
4 4.8 5.0 6.5 2.0 80 18 28
5 4.1 4.5 6.8 2.0 28 36
LA = left atrium; LVDD = left ventricular diastolic dimension; LVSD = left ventricular systolic dimension;
PCW = pulmonary capillary wedge; Till = pressure half-time; Vmax = peak left ventricular inflow velocity.
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Figure1. Case2. Continuous waveDopplerrecording
at 100 mmls from the apical approach illustrates the
abnormal systolic jet directed away from the trans-
ducer. This is bidirectional and interrupted by approx-
imately four striations (marked with arrows) per 100
crn/s lengthof signal. The diastolic profile is preceded
by a dense valve artifact.
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mode, the striations were parallel with the baseline and there
were 20 to each 100 cm/s length of signal. On both the
pulsed and continuous waveforms, the striations were only
occasionally continuous and were usually mottled in ap-
pearance. This was most marked in the pulsed signals, which
were sometimes checkered. The continuous wave recording
of the regurgitant jet was bidirectional even at low gain. In
Case 5, the usual unidirectional signal seen in aortic re-
gurgitation could be recorded from the apical position with
the transducer held at some angles, but at other angles the
jet became bidirectional and striations appeared simulta-
neously. Using pulsed Doppler ultrasound, the abnormal
striations were recorded up to about 2 em from the valve.
In all four mitral prostheses (Cases I to 4), the abnormal
jet was shown to be through the valve and not paraprosthetic.
This could not be shown with certainty for the aortic valve
(Case 5) because of lateral movement of the aortic root
across the plane of the transducer. The mean peak left ven-
tricular inflow velocity for the four mitral prostheses was
2.2 m/s and the pressure half-time was 71 ms.
Angiocardiography. Left heart catheterization was per-
formed in Cases 2 to 5 and right heart catheterization in
Cases 3 to 5. Neither of the two mitral prostheses (Cases 3
and 4) had a diastolic gradient, but both had elevated v
waves on the pulmonary capillary wedge trace (Table 2).
Although the severity of the regurgitation was easy to grade
(grade 3 in all four), it proved difficult to localize the jet
in every patient. It was thought to be through the valve in
Cases 2, 4 and 5, but a paraprosthetic leak could not be
excluded in Case 3.
Surgery. In no case was there dehiscence of the valve
ring. Every prosthesis had one abnormal cusp with the other
two cusps appearing unthickened and mobile. In Case I,
the cusp was tom from its commissural attachment for a
distance of 0.5 em, In Case 2 (Fig. 3), there was a perfo-
ration in one cusp and in Case 3, one of the cusps had
partially disintegrated and was moving into the left ven-
tricular outflow tract in diastole. In Case 4, one cusp had
tom from both commissures and was seen to prolapse freely
into the left atrium. In Case 5, one aortic cusp had partially
disintegrated.
Discussion
We have described a characteristic musical audio signal
accompanied by striation of the Doppler waveform found
in systole with a failing mitral prosthesis and in diastole
with a failing aortic prosthesis. This was recorded in the
presence of a single tom or flail cusp shown on echocardi-
ography and proved at surgery.
Mechanism of causation of the Doppler sign. None of
the tissue valves had pathologic stiffening of the cusps as-
sessed either by echocardiography, by the pressure half-
time on the left ventricular inflow Doppler trace, by angi-
ography or by direct inspection at surgery. Striation of the
regurgitant jet in failing tissue prostheses may not occur in
the presence of significant calcification because of a reduc-
tion in regurgitant volume or a change in the angle of the
jet. The disrupted cusp probably flutters, as was observed
in Case 5, causing the shedding of families of vortices in
both a retrograde and an orthograde direction. This would
explain the unusual bidirectionality of the Doppler signal.
The number of striations in the signal is likely to be related
to the frequency of oscillation of the cusp and the presence
or absence of mottling to the pattern of shedding of the
vortices. It is also possible. though this seems less likely,
that the striations are artifacts generated by the flail or par-
tially flail cusp within the sample volume or continuous
wave beam.
Sensitivity in localization by comparison with angi-
ography. Doppler ultrasound was more sensitive than an-
giography in localizing the regurgitant jet in cases with a
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Figure 2. Case I. A, Pulsed Doppler recording at 50 mm/s from
the apical approach with the sample volume set at a point in the
left atriumdirectlyabove the prosthesis in the midline. B, Diagram
illustratingthe sample volumefor the recordingin A. It represents
a four chamber apical view of the heart with the Doppler sample
situated in the left atrium in the midline just above the mitral
prosthesis. LA = left atrium; PV = prostheticvalve; RA = right
atrium; RV = right ventricle.
Figure 3. Case 2. Carpentier-Edwards mitral prosthesis with a
perforation of one cusp. This specimen was removed at surgery
and shows two intact unthickened cusps and a perforation in the
third cusp (top).
prosthesis because of lateral movement of the aortic root in
the plane of the transducer, making impossible accurate
positioning of the sample volume in a paraprosthetic posi-
tion.
Specificity of the sign. To date we have found signal
striation a specific sign in prosthetic valves. However, al-
though flutter of the cusps of prosthetic mitral valves is most
commonly reported in the presence of cusp tears (8,9), it
may also be seen in other situations. Harrison et al. (10)
and Jacovella et al. (II) reported a small number of patients
with diastolic flutter in the presence of paraprosthetic leaks
and normal cusps. Hatle and Angelsen (12) presented a brief
description of findings similar to ours in native mitral and
aortic valves but without a pathologic correlation. It is pos-
sible that Doppler signals resembling those described here
may be found in any situation in which flutter of one or a
part of one cusp occurs in the presence of normal motion
of the other parts of the valve. Flutter of the mitral valve
is also seen where there is aortic regurgitation and Hatle
and Angelsen (13) reported flutter in a normally functioning
Hancock valve on exercise, but in such situations there is
no mitral regurgitant jet.
Conclusion. We suggest that although the mechanism
of its production remains uncertain, a musical audio signal
and striation of the Doppler recording of the abnormal jet
in a patient with prosthetic mitral or aortic regurgitation are
useful indicators of a torn or flail cusp.
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failing mitral prosthesis. Doppler ultrasound localized the
jet as through the valve rather than paraprosthetic in every
case, but localization was impossible by angiography in one
of three cases. This is in contrast to the study by Sagar et
al. (6), who could not localize the jet using Doppler ultra-
sound in their two patients with a severely regurgitant Han-
cock prosthesis. Difficulty in localization will occur if two-
dimensional imaging is inadequate or if the sample volume
is too large, but other investigators (5) have agreed with us
that in most cases pulsed Doppler ultrasound is a reliable
method for localizing regurgitant jets. We could not exclude
a paraprosthetic leak in the patient with the failing aortic
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